Objective: To study the effects of school lessons about healthy food on adolescents' self-reported beliefs and behaviour regarding the purchase and consumption of soft drinks, water and extra foods, including sweets and snacks. The lessons were combined with the introduction of lower-calorie foods, food labelling and price reductions in school vending machines. Design: A cluster-randomized controlled design was used to allocate schools to an experimental group (i.e. lessons and changes to school vending machines) and a control group (i.e. 'care as usual'). Questionnaires were used pre-test and post-test to assess students' self-reported purchase of extra products and their knowledge and beliefs regarding the consumption of low-calorie products. Setting: Secondary schools in the Netherlands. Subjects: Twelve schools participated in the experimental group (303 students) and fourteen in the control group (311 students). The students' mean age was 13·6 years, 71·5 % were of native Dutch origin and mean BMI was 18·9 kg/m 2 . Results: At post-test, the experimental group knew significantly more about healthy food than the control group. Fewer students in the experimental group (43 %) than in the control group (56 %) reported bringing soft drinks from home. There was no significant effect on attitude, social norm, perceived behavioural control and intention regarding the consumption of low-calorie extra products. Conclusions: The intervention had limited effects on students' knowledge and selfreported behaviour, and no effect on their beliefs regarding low-calorie beverages, sweets or snacks. We recommend a combined educational and environmental intervention of longer duration and engaging parents. More research into the effects of such interventions is needed.
Young people's energy intake is increased by the consumption of sugar-sweetened soft drinks and energy-dense extra foods, including sweets, cakes and snacks. This is a risk factor for overweight and obesity, which are associated not only with chronic conditions such as CVD and type 2 diabetes in later life, but also with psychosocial problems at a younger age (1, 2) . The availability of extra beverages and food products in school vending machines contributes to adolescents' poor nutritional behaviours (3, 4) . To improve the food environment in schools and minimize the sale of extra products there, it has been proposed that the availability of highcalorie extra beverages and food products in school vending machines should be restricted (5, 6) . While school environments that encourage healthy eating are thought to help combat the increase in overweight in young people, the most effective way of preventing overweight and obesity may be through interventions that target both the change in the obesogenic environment and children's motivation to change their dietary behaviour (7) (8) (9) (10) . According to the Theory of Planned Behaviour (11) an individual's healthy eating behaviour is predicted by personal behavioural beliefs. Adolescents' soft drink and snack consumption has been shown to be associated with attitudes, perceived behavioural control and intentions regarding the use of beverages and extra foods Use of soft drinks and snacking behaviour are also assumed to be affected by knowledge about healthy food (14, 15) . Several studies have found that factors in the school food environment -such as food labelling, school food policy and the availability of extra beverage and food products at schools -have an impact on students' consumption of sugar-sweetened beverages, energy-dense foods, fruit and vegetables (16) (17) (18) (19) (20) . There is also some evidence on the influence of the local food environment on adolescents' nutritional behaviour (21) (22) (23) . While environmental factors influence behaviour indirectly through personal beliefs (12, 13, 24) , they also have a direct influence that leads to automatic behaviours independent of an individual's cognitions (25, 26) . However, there is still only limited evidence from experimental studies on the indirect and direct mechanisms of change in the school food environment.
The present paper examines the effectiveness of a school vending machines project in secondary schools in the Netherlands. This comprised a health-education component aiming at information transfer on healthy food and an environmental-change component intended to change the school vending machines through three strategies: (i) the introduction of lower-calorie foods; (ii) food labelling to give information on the types of product and their energy value; and (iii) lower prices for lower-calorie foods (referred to collectively as the 'changes to school vending machines').
A study of the effects of the school vending machines project on the volume of sales from vending machines and on students' product choices has been described elsewhere; it showed that students made healthier choices about their consumption of beverages and extra foods (27) . We have not yet studied the project's impact on students' beliefs with regard to consuming healthier foods or on their self-reported purchase behaviour. The following research question is addressed in the present paper: do lessons on healthy food and changes to school vending machines affect the students' beliefs regarding their consumption of beverages and extra foods, and their selfreported purchase behaviour?
Methods

Participants
A cluster-randomized controlled design was used. Figure 1 shows the enrolment and follow-up of schools that participated in the study. A total of forty-two schools were recruited in four geographical areas of the Netherlands. As four schools refused to participate, thirty-eight were randomly assigned to the experimental group or control group, stratified by geographical area and level of education. The nineteen experimental schools implemented the school vending machines intervention, while the nineteen control schools made no changes. Seven experimental Assessed for eligibility (n 42) Excluded (n 4):
• Declined to participate due to change of VM company* (n 1), refusal by school (n 2) or refusal by VM company (n 1)
Analysed (n schools 12, n students 303)
Lost to follow-up (n 3):
• Non-response (n 1)
• Discontinued intervention due to withdrawal by VM company (n 2)
Allocated to intervention group (n 19):
• Received allocated intervention (n 15)
• Did not receive allocated intervention due to withdrawal and change of VM companies (n 4)
Lost to follow-up (n 5):
• Change of VM company (n 1)
• Non-response (n 4)
Allocated to control group (n 19)
Analysed (n schools 14, n students 311)
Allocation
Analysis
Follow-up
Randomized (n 38) Enrolment Fig. 1 Flow diagram showing the enrolment and follow-up of schools participating in the present study. *VM company = vending machine company/catering company schools and five control schools dropped out of the study, due to the withdrawal of companies responsible for school vending machines, the withdrawal of schools or nonresponse to the questionnaire used for data collection. The results presented herein therefore represent data from twelve experimental schools and fourteen control schools. The study protocol was approved by the internal TNO Review Board.
Intervention
The intervention consisted of a health-education component and an environmental-change component, and focused on bringing about the following behaviours: (i) the consumption of fewer or no soft drinks, or the consumption of beverages with reduced amounts of sugar or without sugar; and (ii) the consumption of fewer or no extra food products, or the consumption of sweets, cakes or snacks with lower amounts of sugar and fat. Figure 2 shows a model of the components of the intervention. The health-education component preceded the environmental-change component and comprised school lessons on healthy food choices. The lessons were based on the theoretical model of constructivism (28) . Constructivism is based on the didactic principle that students' understanding and knowledge of what they have been taught in the classroom is constructed on the basis of their own experiences and of their reflection on these experiences. Overall, the lessons used six methods of change within constructivism: (i) stimulating active information transfer; (ii) evaluation of one's own behaviour; (iii) self-re-evaluation; (iv) environmental re-evaluation; (v) guided learning; and (vi) feedback (29) . The lessons aimed to change students' knowledge about low-calorie soft drinks and extra foods. They were also intended to change the behavioural determinants described in the Theory of Planned Behaviour (i.e. attitude, subjective norm, perceived behavioural control and intention with regard to consumption of low-calorie soft drinks and extra foods) (11) . The following teaching materials were available: (i) a computer-assisted online lesson informing students on the food types available in the school canteen and on the pros and cons of soft drinks and extra foods; (ii) a teacher manual with exercises for students on healthy food topics; (iii) a board game; and (iv) debating exercises intended to explain the pros and cons of consuming soft drinks and extra foods. These materials could be used in a total of five lessons. All lessons were given by the schools' teachers themselves, who ensured that the students completed the online lessons, game and exercises. The lessons were developed by health education experts from the Netherlands Nutrition Centre and were pre-tested in school students in the target group.
The intervention component intended to produce environmental change consisted of three strategies that were made to the school vending machines in three successive 6-week phases: (i) the introduction of lowercalorie foods; (ii) food labelling; and (iii) lower prices for lower-calorie foods. This component is described in more detail elsewhere (27) . In phase 1, the energy-dense extra beverages and food products in the vending machines were replaced by lower-calorie extra products. In phase 2, information labels were attached to all products in the vending machines to indicate their product category (i.e. basic nutrient-rich food that is part of a daily diet, or energy-dense extra products with empty calories); and also to give information on the product's energy ('calorie') value (<100 kcal (<418 kJ), 100-170 kcal (418-711 kJ) or > 170 kcal (<711 kJ)). In this stage, flyers and posters containing information on the food types and energy values were distributed among the students. Moreover, the fifth lesson on healthy food choices was given as a reminder and focused on repeating the information provided in the four preceding lessons. Phase 3 followed up the measures of phases 1 and 2 by reducing the prices of lower-calorie products by 0·10 € per product -an average reduction of 10 % (30) . The intervention described in the present paper involves the combination of the educational component (i.e. the school lessons) and environmental component (i.e. the changes to the school vending machines). While the latter was implemented throughout each school and targeted all students, the lessons targeted a smaller group of students aged between 12 and 14 years (secondary School lessons and vending machine changesschool grades 8 and 9). Due to the organizational capacity of the project and the schools, few classes per school were selected to receive the lessons. Although the Dutch government imposes no regulations on schools with regard to managing the sales of beverages and foods, many schools have a health-promoting school policy. As school meal services are not part of the Dutch tradition, students bring their lunch from home or buy food in the school canteen, from vending machines or in neighbourhood shops. About 60 % of the schools participating in the study allowed students to leave school during breaks and free hours.
Intervention delivery
At the end of the intervention, students completed a questionnaire on the extent to which the various lesson components had been delivered. Less than three-quarters of those in the intervention group reported that the poster displaying basic information on healthy nutrition had been explained to them (69 %). The board game on energy intake and healthy nutrition had been played by 55 % of the students, and only 20 % of students said that they had completed the computer-assisted online lesson. However, many students indicated that they did not remember whether they had received the intervention modules; for example, 29 % did not know whether they had received the online lesson.
Research assistants visited the experimental schools to observe how successful the implementation of the changes to the vending machines had been. On a scale indicating the completeness with which a school had introduced the changes, 69 % of the experimental schools completely or nearly completely implemented the introduction of lower-calorie foods, food labelling and price reductions. The implementation of the three strategies in the schools' vending machines was less complete for beverages than it was for extra foods (27) . Questionnaire Per school, a minimum of one class received the lessons on healthy food choices. At T0 (before the start of the lessons) and at T1 (about 6 months later, when the three phases of the environmental change component had been completed), the students attending these lessons answered paper-and-pencil questionnaires in class under their teacher's supervision. The questionnaire was intended to establish the students' attitudes, subjective norms, perceived behavioural control, intentions and behaviours regarding the consumption of soft drinks and sweets, cakes or snacks. It included standard measures derived from questionnaires used in previous studies, such as scales based on determinants of behaviour change taken from the Theory of Planned Behaviour (31) . Behaviour was measured using self-report items on the frequency with which soft drinks and extra foods had been purchased at a shop in the school surroundings, in the school canteen or tuck shop, and from the school vending machines in the previous week. The students were also asked how often they had brought soft drinks and extra foods from home in the previous week. The answer categories varied from 'never' (=1) to '(almost) every school day' (=5). Our reason for measuring purchase behaviour was to enable us to establish the selling points from which soft drinks and extra foods had been obtained. Purchasing soft drinks and extra foods or taking them from home to school were considered as proxies for eventually consuming them.
The students' knowledge of healthy food was measured through seven true or false items such as 'Boys can eat more sweets, cakes or snacks because they have more muscular tissue than girls'. Attitude was measured using four-item scales on drinking water or light soft drinks (Cronbach's α = 0·53) and on eating low-calorie sweets or extra foods (Cronbach's α = 0·55); for example, 'I think drinking water or light soft drinks is good for your health'. Answer categories ranged from 'totally disagree' (=1) to 'totally agree' (=5).
Subjective norm was measured on the basis of two items on students' opinions of whether their parents thought that they should drink water or light soft drinks, and of whether their friends were in favour of this behaviour. Answer categories ranged from 'certainly not' (=1) to 'certainly' (= 5). The Pearson correlation coefficient r between the two items was 0·46. Similar items were also included on eating low-calorie sweets, cakes or snacks (r for these two items = 0·53).
Perceived behavioural control regarding the drinking of light soft drinks or water was measured using two items: 'If you wanted to lose weight, do you think you would manage to drink light soft drinks or water instead of regular soft drinks?' and 'When you are thirsty, do you think you will be able to choose light soft drinks or water rather than regular soft drinks?' (r = 0·28). Similar questions were asked about perceived behavioural control regarding the consumption of low-calorie sweets, cakes or snacks (r = 0·45), with answer categories ranging from 'certainly not' (=1) to 'certainly' (= 5). Intention for both behaviours was measured using one item: 'In the near future, do you plan to increase the frequency with which you drink light soft drinks or water instead of regular soft drinks/with which you eat low-calorie sweets, cakes or snacks rather than high-calorie sweets, cakes or snacks?' Answer categories ranged from 'certainly not' (=1) to 'certainly' (=5).
The questionnaire also included items on the following background characteristics: gender, age, country of birth, educational level, height and weight.
Analysis Dependent variables were inspected for skewness and were dichotomized when this was the case. Scale scores were assessed using factor and reliability analyses.
The χ 2 test and independent t test were used to test differences in background characteristics between the experimental and control groups. The effects of the intervention were examined using multilevel regression analysis for continuous outcomes and multilevel logistic regression analysis for dichotomous outcomes. In both analyses, a two-level random intercept model was used, with students at the first level and schools at the second level. The multilevel analyses were performed per outcome, with group (intervention v. control), pre-test score, age, gender, ethnicity, education and BMI as predictor variables. This enabled us to estimate the adjusted effect of group. Also, per outcome, Cohen's d effect sizes were computed to assess the standardized mean change score between the intervention and control group (i.e. unadjusted effect). The analyses were performed with the statistical software package IBM SPSS Statistics for Windows version 20·0. A two-tailed significance level of 0·05 was used in all analyses.
Results
Characteristics of students
The pre-test (T0) involved 379 students from nineteen experimental schools and 445 students from nineteen control schools. A total of 303 students from twelve experimental schools and 311 from fourteen control schools also participated in the post-test (T1; Fig. 1 ). Table 1 shows that the mean age of the students in the intervention group (13·7 (SD 0·7) years) differed significantly from that of students in the control group (13·5 (SD 0·7) years). Most students were in grade 8 (90 %) and of native origin (72 %). Significantly more students in the experimental group were female (59 %) and in lower-level education, i.e. vocational training combined with theoretical education (56 %), than those in the control group. Mean BMI differed significantly between the study groups and was 19·2 (SD 3·5) kg/m 2 in the experimental group and 18·5 (SD 2·6) kg/m 2 in the control group.
Effects
Multilevel regression analysis showed that the school lessons and changes to vending machines had a significant effect on knowledge. At post-test, students in the intervention group had more knowledge of nutrition, energy intake and portion size than those in the control group (Table 2) . No effect was found on the behavioural determinants of attitude, social norm, perceived behavioural control and intention with respect to drinking light drinks or water and eating low-calorie sweets, cakes or snacks. Table 3 shows a decline in the intervention group at T1 in self-reported purchases of soft drinks and extra foods from school vending machines, school canteens or tuck shops, and shops near the school. However, similar decreases were also shown in the control group, except in the category of taking soft drinks from home. At T1, students in the intervention group reported bringing drinks and extra foods from home less often. In contrast, the control group brought soft drinks from home more often. Adjusted for the effect of pre-test score, age, gender, ethnicity, education and BMI, the difference in percentage (43 % v. 56 %) between the intervention and control group was significant (P < 0·05; Table 3) .
Discussion
The present study tested the effectiveness of a vending machines project in secondary schools in the Netherlands, whose intention had been to change the students' behaviour with regard to the consumption of beverages and extra products, including sweets and snacks. An education component consisted of lessons on healthy food choices. An environmental-change component consisted of: (i) increasing the availability of lower-calorie foods; (ii) labelling products so as to give information on their type and energy value; and (iii) reducing the prices of lower-calorie foods. Our results show that the intervention had a significant effect on the students' knowledge of energy intake and portion sizes. Our intervention had no Data are presented as mean and standard deviation for age and BMI; otherwise as number and percentage. *P < 0·05; **P < 0·10.
effect on the students' attitude, social norm, behavioural control and intention with regard to consumption of low-calorie soft drinks or water and low-calorie extra foods. Neither did it have a significant impact on the selfreported purchase of soft drinks and extra foods from selling points inside and outside the schools. However, there was a significant effect on taking beverages from home to school: in the experimental group, the proportion of students who did so decreased. As the measurements were made in late spring, when there were days of sunshine and higher temperatures, a seasonal effect may partly explain the increase in the number of students in the control group who brought beverages from home at post-test. As the self-reported purchase of beverages from vending machines and shops in the school neighbourhood dropped in the control group, one source of extra products may have been substituted for another.
There seemed no such substitution in the experimental group, because purchase or acquisition from all sources decreased. The decrease in the experimental and control groups of purchases from the sales points in and around the school may also be due to a decrease in the number of school lessons before the summer vacation because of tests and exams. But, the positive impact of the intervention on the decrease in the number of respondents in the experimental group who brought soft drinks from home while the purchase of all sources decreased is a promising result of the school lessons and environmental component.
The limited results of the study can be explained on the basis of the poor implementation of the school lessons on healthy nutrition and change of the food environment in the schools. Another explanation for the absence of effect on the students' attitudes, social norms, behavioural control and intention may lie in the 3-month time lag between the last lesson on healthy food and the post-test measurement. The short-term effects of the lessons -i.e. those immediately after their completion -are unknown and any effect in the intervention group may have faded before the post-test measurement. Recent meta-analyses and reviews examining school-based obesity prevention programmes that focused on changing lifestyles found greater effects in longer interventions -those that lasted several years -and in those in which parents were involved (32) (33) (34) . The intervention evaluated in the present paper took 6 months at maximum and parents did not participate in it.
Strengths and limitations of the study One strength of the present study is its random allocation of schools to the experimental and control groups using an evaluation design in the real-life setting of Dutch secondary schools. The intervention effects were statistically corrected in the analyses for the imbalance in characteristics of the study groups. Another strength is that we sought to assess the sustainable benefits of the lessons by measuring their longer-term effects.
A limitation is that the study design did not make it possible to distinguish between an effect of the environmental change in the vending machines or of the lessons focused on changing students' personal beliefs. Another limitation is that we did not account for school nutrition policies, the influence of the attractiveness of school food facilities or the food environment in the school's vicinity. The reliability of the scales was limited, as we had to limit the number of items in the self-report questionnaire, which had to be administered during school classes. Further questionnaire development and research into the validity of scales are recommended.
A final limitation is that, for reasons of organizational capacity, only a limited number of school classes took the lessons on healthy nutrition that were developed specially for the vending machines project. Naturally, to assess the effectiveness of the intervention, we administered questionnaires only to students who had had the lessons and were also exposed to the changes to the vending machines.
Implications for practice and research Although the study found only limited effects on the students' knowledge and behaviour, a combined educational and environmental intervention to promote healthy nutrition behaviour is regarded as the most promising (7) (8) (9) (10) .
It is recommended that any sustainable change in the school food environment is introduced over a longer period (32) (33) (34) . To change students' beliefs on the consumption of healthy food, it will also be necessary to provide them with information on why the changes in food provision are made. The education on healthy nutrition in the school class should therefore be repeated and tailored to the different needs and perceptions of adolescents in different age categories.
The vending machines intervention did not engage parents in the preventive measures. Given the effect on students' home-related habit of taking beverages to school, we recommend that parents are involved. If parents were involved in developing and running the vending machine intervention, and if an appeal were made to parenting behaviour related to the home food environment, it might be possible to influence the risk that students would take high-calorie beverages from home, as we saw in the control group (35) (36) (37) . To increase the effectiveness of the intervention, the completeness of its delivery should also be promoted by training teachers and school staff to give the healthy nutrition lessons and to implement the measures intended to change the school food environment.
There have been very few randomized studies on environmental strategies aimed at changing nutrition behaviour. As environmental strategies gain greater political support, more evidence is needed on the effectiveness of these studies (32) . The absence of an effect on self-reported purchases of one or more extra products from selling points inside or outside the school contrasts with our earlier report on an effect on sales of lowercalorie beverages and extra food products in schools participating in this project (27) . When labelling and reduced prices were combined with a greater availability of lower-calorie foods, sales data showed a larger uptake of lower-calorie foods and beverages; overall, the sales of products from the school vending machines neither rose nor fell. Similar outcomes have been found in other studies of the effect of the school environment on food consumption (16) (17) (18) (19) . Our own findings suggest that an intervention that comprises an environmental and educational intervention does not raise students' awareness of their cognitions and behaviour with regard to the consumption of soft drinks and extra foods; although analysis of sales data shows that behaviour change can be achieved through environmental incentives. Other studies found that attitudes, perceived behavioural control and intentions had a mediating effect on the relationship between food environment and soft drink and snacking behaviour (12, 13, 24) . Further research is needed into the direct and indirect effects of stimuli relevant to the food environment in schools.
Few studies of school interventions have combined data on actual purchasing behaviour with data on students' motivation regarding the consumption of extra products. This vending machines project measured both types of data, although it measured sales of food at the school level (27) and behavioural determinants at student level. To make it possible to draw conclusions on the relationships between behaviour and cognitions with regard to the intake of extra products, we recommend that food purchases are also measured objectively at student level. We also recommend that an experimental study with several study arms is started that makes it possible to differentiate between schools that merely introduce changes in the school food environment, those that only implement teaching on healthy food and those that combine the educational components with the environmental change ones. Due to the data-collection techniques and number of schools required, such studies are costly, and considerable effort has to be made to ensure that the school food environment intervention and the education component are implemented in full.
Conclusion
School students' knowledge of healthy food was influenced by the combination of lessons on healthy food with three factors: (i) the greater availability of lower-calorie foods in school vending machines; (ii) food labelling that provided information on the types of food and their energy value; and (iii) lower prices for lower-calorie foods in secondary schools. In the experimental schools, this combination also positively affected students' selfreported behaviour on taking beverages to school from home. We recommend a combined educational and environmental intervention of longer duration that targets the school environment and engages parents. Further research is needed into the direct and indirect effects of stimuli relevant to the food environment in schools.
